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THEORY OF YHE VISCOSITY OF HELIUM II:
PAR? 2. CALCULATIOE OF THE COEFFICIENT OF VISCOSITI

L. D. Landau, I. M. Kbhalatnikov

[ vigesi]

The coefficient of viscesity of ordinary fluids decreases with tempera-

ture; thus, it ete ¥\ rspresents this coefficlent of viscosity, then its
© *  derivative with respect to temperature T, namely d¥)/d®, is negative. It

1s found that AW /AT for heliwm II i3 negative everyvhere except for a sall
region near the lagide noint. Therefore, the temperature variation of helium
zI's coefficieat of viscosity calimut £gllow the lsw amserted by L. Tisza {see
Phys Rav, 72, 839, 194T), narelyY=T2 or the earlier eque)ly erronsous re-
lattonY\zTg.

Quantitativeiy, T\(T) has been cdetermined fur the intervais T«<0.8%
and T> 19K after lengthly theureticel considerations:

=78 - 107 (7% exp - A /km # 4.8 - 1076 15)-1 7< 0.8

U Nz 14(8.7 - 10742} exp 4 /x7 T>™10K
in units of 107 poise.
Thus helium II's cgefficlent of viscosity follows the law 75 for
T<0.79K and the lawv T~% exp O/KT for T > 1.09K; and the above complicated
law governs the intermediate ares between 0.7° and 1.0°K (Ylat T=20,99K
18 found by extrapolstion).
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Actually, the above-mentioned coefficient of viscosity is the total
viscosity; that 1s, it 15 the sum of the so-called roton viscesity and phonon
viscosrty. Thus, theory shows that T\‘r {roton viscosity) is independent
of temperature aud equals 1 - 10”2 poise. It is T]¢(phomn viscosity) that
varies with T. : .

The kinetic equetlons for roton and phongn viscosity were solved by
use cf the effective differentisl cross sections of scattering of the elemen-
tary excitatione, phonons and rotons, which were obtained in Part I of this
work. Simplifylng assumptions were made in order to effect a solution. Thus,
the distribation function n for rotons (or phonons) wes assumed to be
close to 1ts equilibrium function ny; +he sought-for statlopery solutiou
rermitted the eliminsticn of pertial derivatives with respect 4o time +t;
alsn; the collision angles were assumed to be smell; etc.

0f course, the enalyels was carried out separately for the two tempera-
ture intervals T« 0.80K and T3»1.09K because of the diffevemt sets of simpli-
fylng asswmptions required as to the magnitude of the colliding and rebound-
ing momenta P, Py, P'. p{ 1n comparison with the momentum of ki/c.

Theoretlical results were in good sgreement wi.h the experimental dats
of B. Andronikeshvili (ZhRIF, Vol 18, p 429, 1948).
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